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▼Although advances in *non-radioactive techniques have
facilitated many probing experiments in molecular biol-
ogy (Ref. 1), until recently, radioisotopic techniques were
indispensable for gel shift analyses. However, Sakai et al.
(Ref. 2) have described an ingenious non-radioisotopic gel
shift method using digoxigenin-labelled DNA probes. In
this study, we report an efficient and convenient exper-
imental protocol for gel shift analysis using fluorescein-
labelled RNA probes. Moreover, taking advantage of the
safety of this method, we have shown that the bands that
contain the RNA and RNA-binding protein complex can
be recovered and the recovered materials can be used for
further experiments.
Protocol
In vitro transcription of the probe
First, the plasmid was linearized with the appropriate re-
striction enzyme. Using 1 µg of linearized plasmid as
a template, the fluorescein-labelled probe was tran-
scribed in vitro using a FITC RNA Labelling Kit (Roche).
The transcription mixture consisted of 40 mM Tris-HCl
(pH 8.0), 6 mM MgCl2, 10 mM dithiothreitol (DTT),
2 mM spermidine, 1 mM ATP, 1 mM CTP, 1 mM GTP,
0.65 mM UTP, 0.35 mM fluorescein–12-UTP, 0.1 units
µl−1 of T3 RNA polymerase and 1.0 units µl−1 of RNase
inhibitor.
Transcription was carried out at 37◦C for 2 h. The sequence
of the probe that was used in this study consisted of
the 101 nucleotides (ntds) between the T7 and T3 RNA
polymerase promoter sites of pBluescript II SK(+). The
multiple cloning sites of pBluescript are convenient for
introducing specific sequences.
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The reaction was then treated with DNase to remove
the template. The RNA that was generated was
precipitated with LiCl2 to remove the unincorpo-
rated fluorescein–UTP. Usually, this yielded sufficient
fluorescein-labelled RNA probe for the 20–40 gel shift
reactions as described below.
Binding of the probe to the protein
Incubations were performed in 10 µl reaction volumes with
0.5 µg of 6×His–CiYB1 fusion protein and 0.4 µg of
RNA probe in binding buffer [15 mM HEPES–KOH (pH
7.9), 0.4 mM EDTA, 20 mM KCl, 8% glycerol, 1 mM
DTT, 1 mM phenylmethylsulfonyl fluoride] at room
temperature for 30 min. In some reactions, 0.5 µg of
bovine serum albumin[Fraction V (Sigma)], 0.5 µg of
heparin sodium salt (Nacalai tesque) was added instead
of 6×His–CiYB1.
To assess the binding specificity, the ribohomopoly-
mers polyadenylic acid, polyguanylic acid and
polyuridylic acid (Sigma) and riboheteropolymers
polyadenylic-cytidylic acid, polyadenylic-guanylic acid
and polyadenylic-uridylic acid (Sigma) were used as
competitors.
Following immediate electrophoresis through a 1.5%
agarose gel in 1×Tris-acetate–EDTA buffer (TAE) at
100 V. The bands of the FITC-labelled probe were ob-
served as pale-green at 312 nm on the ultraviolet (UV)
transilluminator. The bands were photographed using
an ordinary camera set-up (Figure 1).
To recover the RNA-binding protein from the gel, the re-
tarded band, which was visible using the UV tran-
silluminator, was excised. The excised gel piece was
then boiled in sodium dodecyl sulphate (SDS)-sample
buffer (Ref. 3) and the melted gel was subsequently
used as a sample for SDS–PAGE (Figure 2). The
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FIGURE 1. Gel shift images taken using an ultraviolet transilluminator. a) Fluorescein-labelled RNA probe was incubated with (+) or without (−)
6×His–CiYB1 fusion protein, with heparin or with bovine serum albumin (BSA). The retarded bands were observed only when probes were incubated
with the CiYB1 protein. The competition assay was carried out in the presence of 0.1, 1 or 10 µg of the unlabelled competitor ribohomopolymers,
polyadenylic acid [poly(A)], polyguanylic acid [poly(G)] and polyuridylic acid [poly(U)]. b) The competition assay carried out with the riboheteropolymers
polyadenylic-cytidylic acid [poly(A,C)], polyadenylic-guanylic acid [poly(A,G)] or polyadenylic-uridylic acid [poly(A,U)]. Fluorescein-labelled probe signals
are shown on the left panel (fluorescein). The left part of the same gel, which was stained with ethidium bromide (EtBr), did not show a clear result. In
particular, it did not represent the band of the free probe that competed weakly with poly(A,U).
CiYB1 fusion protein was recovered specifically from
the retarded band. Quantification of the band den-
sity indicated that >60% of the CiYB fusion pro-
tein was recovered in the excised band. Although
we used only partially purified fusion protein that
was contaminated with some bacterial proteins, the
contaminating bands became fainter and some even
disappeared from the preparation of the excised band.
These results confirmed that the CiYB1 protein could
bind specifically to the probe.
In this study, we have used an ascidian maternal Y-box
protein, CiYB-1 (Ref. 4), which has significant homology
to the Xenopus oocyte RNA-masking protein FRGY-2 (Ref.
5), and examined its RNA–protein interaction. Competition
analysis has revealed that CiYB1 interacts preferentially
with polyguanylic acid [poly(G)] and polyadenylic-guanylic
acid [poly(A,G)]; only weakly with polyadenylic-uridylic
acid [poly(A,U)]; but not with polyadenylic acid [poly(A)],
polyuridylic acid [poly(U)] or polyadenylic-cytidylic acid
[poly(A,C)]. Similar binding features have been reported
previously for the Xenopus FRGY-2 protein (Ref. 6).
Although we have studied RNA–protein interactions
in this experiment, DNA probes that are labelled with
fluorescein–deoxynucleotide can be used for gel shift analy-
sis to examine DNA–protein interactions using similar con-
ditions.
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FIGURE 2. SDS–PAGE analysis of the band excised from the CiYB1
gel shift assay. a) Gel shift pattern with (+) or without (−) CiYB1 fusion
protein. White boxes show the excised positions of the gel (1–3). b)
Excised gel portions 1–3 and partially purified CiYB1 fusion protein (2×
and 0.2×CiYB1, relative to the amount of the CiYB1 fusion protein
used in the gel shift analysis) were analyzed by SDS–PAGE. CiYB1 fusion
protein (arrow) was recovered specifically from the retarded band (3).
Using this protocol, sufficient probe can be generated for
several rounds of gel shift experiments. The probe sequence
used in this study contained 18 Us that could be labelled
with fluorescein–12-UTP. Although the sensitivity of this
experiment was not particularly high, it could be improved
by better sequence design of the probes. Furthermore, the
sensitivity of the signal detection could be enhanced by
more appropriate selection of the fluorescent dye and the
application of recently improved fluorescent image analyz-
ing techniques.
The fluorescein labelling technique was chosen as it
made handling the gel safe and it did not require any haz-
ardous procedures. There are two further advantages to this
method. (1) The results can be observed immediately af-
ter electrophoresis with no need to dry the gel, which is
one of the most hazardous steps in the usual protocol that
uses radioactive materials. In addition, because there is no
need to wait for an autoradiograph, this timesaving proto-
col enables the gel shift analysis to be completed within
a few hours. (2) Excision of the desired band from the gel
in this method is easy and safe. Even ethidium bromide
staining is not required. Taking advantage of this, the gel
shift protocol can be applied to various experiments. For ex-
ample, SDS–PAGE analysis can reveal how many proteins
are involved in the RNA–protein complex, and can reveal
their relative molecular mass. Furthermore, the recovered
RNA-binding protein can be blotted onto a polyvinylidene
difluoride (PVDF) membrane for immunological detection
and amino-acid sequencing, and its molecular identity de-
termined.
In conclusion, this quick, easy and safe non-radioisotopic
protocol should expand the potential applications of gel
shift analysis, especially for studying the molecular nature
of novel RNA- or DNA-binding proteins that bind to the
known sequence.
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Products Used
FITC: FITC from Institut Pasteur
FITC: FITC from Jackson ImmunoResearch Labora-
tories Inc
FITC: FITC from Boehringer Mannheim
FITC: FITC from Molecular Probes
Polyadenylic-uridylic acid: Polyadenylic-
uridylic acid from Sigma
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